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I. INTRODUCTION 


TIM is the eoenine Geneeeesen Monitor program for MOS 
Technology's 65XX microprocessors. It is supplied in read-only 
memory (ROM) as part of the MCS6530-004 multi-function chip. 
Because the TIM code is nonvolatile, it is available at system 
power-on and cannot be destroyed inadvertently by user programs. 
Furthermore, the user is free to use only those TIM capabilities 
which he needs for a particular program. Both interrupt types, 
interrupt request (IRQ) and nonmaskable interrupt (NMI) may be 
set to transfer control to TIM or directly to the user's program. 

TIM communicates with the user via a serial full-duplex 
port (using ASCII codes) and automatically adjusts to the speed 
of the user's terminal. Any speed--even nonstandard ones--can 
be accommodated. If the user's terminal has a long carriage 
return time, TIM can be set to perform the proper delay. Com- 
mands typed at the terminal can direct TIM to start a program, 
display or alter registers and memory locations, set breakpoints, 
and load or punch programs. If available in the system configura- 
tion, a high-speed paper tape reader may be used to load programs 
through a parallel port on the MCS6530-004 chip. Programs: may be 
punched in either of two formats--hexadecimal (assembler output) 
or BNPF (which is used for programming read-only memories). On 
loading or modifying Henoey: TIM performs, automatic read-after- 
write verification to insure that addresses memory exists, is 
read/write type, and is responding correctly. Operator errors 


and certain hardware failures may thus be detected using TIM. 


a a 


TIM also provides several subroutines which may be called 
by user programs. These include reading and writing characters 
on the terminal, typing a byte in hexadecimal, reading from 
high-speed paper tape, and typeing a carriage-return, line-feed 
sequence with proper delay for the carriage of the terminal 
being used. Program tapes loaded by TIM may also specify a 
start address so that programs may be started with a minimum of 


operator action. 


a SYSTEM CONFIGURATION 


Since TIM is a "program" resident in the MCS6530-004 it 
must be properly configured in a proper system environment. 
| Figure 2-l1 represents a block diagram of a minimum system 
utilizing the TIM program. The MCS6502 is the controlling 
microprocessor with two pages of memory (pages 0 and 1) repre- 
senting the minimum RAM requirement. These devices, as well as 
a representative schematic for the TTY, EIA interfaces, are 
shown in Figure 2-2 which is a detailed system schematic utiliz- 
ing the MCS6530-004. Note that the TIM function select equa- 


tions are found on this schematic. 
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“TIM” SYSTEM SCHEMATIC 


FIGURE 2-2 


TII. OPERATIONAL FEATURES OF TIM 


A. TIM Commands* 
Command Description 
¥v - Set line speed. After RESET, a carriage re- 


turn is typed to allow TIM to measure the 


line speed. 


~R- Display user registers. The format is: 
PC PA xX YS 
where: 


PC is the program counter 

P is the processor status 

is the A (accumulator) register 
is the X (index) register 


is the Y (index) register 


nK x PP 


is the stack pointer low byte (high 
byte is always 01) 


-G Go. Begin execution at user PC location 


(see R command). 


-M addr Memory examine. TIM will display the eight 


bytes beginning at address addr. 


»: ADDR data Alter registers or memory. TIM allows the 
user to alter registers (if R command pre- 
cedes) or memory (if M command precedes). 
Values for registers or memory locations 


which are not to be changed need not be typed 


* Characters typed by the user are underlined. All other charac- 
ters are typed by the computer. J) means carriage-return. 


—-these fields may be skipped by typing 
Spaces instead of data. The remainder of 
the fields in a line may be left unchanged 
by typing carriage return. The : command 
may be pepeceee to alter subsequent memory 
locations without the necessity of typing 
intervening M commands. Note that TIM 
automatically types spaces to separate data 


fields. 


- LH Load Hexadecimal. TIM responds with car- 
Yiage return, line-feed and loads data in 
assembler output format from the terminal or 
high-speed paper tape reader. The format is: 


Zero Or more leading characters except 
"3s" (usually blank leader) 


Any number of records of the form: 
; cCaaaadddd....ddssss 
wheres 


cc is. the number of bytes in the 
record in hex 

aaaa is the hex address to store the 
first byte of data 

dddd....dd is the data (two hex digits 
per byte) 

SSSS 1S the check-sum, which is the 
arithmetic sum, to 16 bits, of all 

the count,.address and data bytes re-- 
presented by the record 


A terminating record of zero length, 


either: ;00 or ;} 


Note that read-after-write and check-sum 
ee are performed. An error will result 
ina "?" being typed at the point the error 
octurred. Data from records with bad check- 
Sums 1S deposited in memory as received, 


prior to the error stop. 


-H | High-speed/low-speed reader switch. This_ 
command switches the load device from the 
user's terminal to the high-speed reader 


or vice versa. 


- WH addal addh } Write Hexadecimal. An assemodler-format tape 
is generated at the user's terminal. Format 
is as aeserined above in the LH command des- 
cription. Note that tne addrass range must 
be specified en the lower address first. 
As in the Alter command, TIM types the 


Space between the address fields. 


.WB addl addn} Write BNPF. A BNPF format tape is generated 
‘at the user's terminal. Format is one or 
more records as follows: 

aaaa BddddddédF BddddddddF .BddddddddF BdddddéddF 
where: 

aaaa is the address of the first of the 

four bytes specified in the record. 

(Note: BNPF conventions reauire that _ 

the letter "B" never occur in the addrass 


field. Blanks are substituted by TIM. 


Ss 


Bis the letter "B", meaning begin data. 


dddddddd is eight data bits-——~P for logical 
true, N for logical false. 


Fis the letter "F", meaning finish. 
Note that the BNPF format is output as multiples 
of four bytes. Thus, a multiple of four bytes 
Will always be punched even if a non-multiple 


of four bytes is specified. 


Cancel Command. While typing any command, 1ts 
further effect may normally be. terminated by 
typing one or two carriage returns, as required. 
During alter (:), carriage return'’means that no 


further bytes (or registers) are to be altered. 


B. TIM Interrupt and Breakpoint Action 
BRK 


ee 


The BRK instruction causes the CPU to interrupt execution, 
68% at locations FFFE and FFFF. © TIM initializes this vector 
to point to itself an RESET. Unless the ne modifies this vec~ 
tor, TIM will gain control when a BRK instruction is executed, 
print an Se a and the registers (as-‘in R ery and 
wait for user commands. Note that after i’ BRK which vectors to 
TIM, tne user's PC points to the byte following the BRK; how- 


ever, users who choose to handle BRK instructions themselves 


snould note that BRK acts as a two-byte instruction, leaving 


the PC (on return vila RTI) two bytes past the BRK instruction. 


IRQ 

Interrupt Request is also vectored through location FFFE. 
The CPU traps (as with BRK) through this vector when IRQ goes 
low, provided interrupts are not inhibited. Since this vector 
is the same as for BRK, TIM examines the BRK bit in the P 
register after this type of ppeerase. If a BRK did not cause 
the interrupt, then TIM will pass control through the UINT 
vector. Users should normally put the address of their in- 
terrupt service routine in the UINT vector location. If an 


IRQ occurs and UINT has not been set by the user, TIM reports 


the unexpected interrupt in the same way as an NMI (see below). 


NMI 

Non-Maskable Interrupts vector through location FFFA. TIM 
Pteearizes this vector at RESET to point to itself. If an NMI 
occurs, a pound-sign character -(3) precedes the asterisk and CPU 
registers printout. This action is the same for IRQ's if the 


user has not set this vector to point to his own routine. 


RESET or POWER-UP 

On RESET or POWER-UP, TIM takes control, initializes itself 
and the ‘system, Sets deraults tor anterrupe vectors aid warts for 
a carriage-return input from the user to determine terminal line 
speed. After carriage-return is typed, control is passed to. 


the .user as in BRK. 7 -~ 19 - 


c. TIM Monitor Calls and Special Locations 


Cali, Address Action Arg. Result Notes 


ee 


JSR WRT 72C6 Type a character A None A,X cleared 
Y preserved 


JSR RDT 7T2E9 Read a character None A X cleared 
Y not preserved 


JSR CRLP 7284 Type CR-LF and delay None None A,X cleared 
Y preserved 


JSR SPACE 7377 #£°'ype a space | None None A,X,Y preserved 
character 
JSR WROB 72B1 Type a byte in hex A None A,X cleared 


4 preserved 


JSR RDHSR. 733D Read a character from None X—chax Y preserved 


high-speed paper tape read 
reader | A—char 
trimned 
' to 7 bits 
Function Locations ' Notes 
Start Address OOF6, OOF7 Set with hex tape on load 
CR-LF Delay OOE3 Set on load or with user program (in bit 


‘times, Minimum of 1. Zero means 256 bits- 
time delay). 


UINT FFF8 | User IRQ vector 

NMI Vectox FFFA | Hardware NMI vector 
RESET Vector EFFEC Hardware RESET vector 
IRQ Vector. FPEEE Hardware IR) vector 


TIM Memory Usage 


TIM uses the top 29 0 bytes of page zero (locations O00E3 


1 
through OFF) . The user is advised to avoid these locations, 
except as noted above, if return to TIM or use of TIM sub- 
routines is required before RESETing the processor. TIM also 
uses the hardware stack when it is in control. Provided the 
user does not alter the stack pointer during a break, and pro- 
vided the stack does not overflow, TIM will restore the stack 
to its original status before returning to the user's program. 
The user is advised to use page 1 (the stack page) cautiously, 


leaving at least 20 bytes for TIM use during a break or when 


10 


using other TIM functions. 


= Po = 


IV TIM CHECKOUT PROCEDURE 


The following step-by-step procedure assumes the user has 


built the TIM hardware system and is now ready to verify its 


functionality. 
( ) 1. Turn power on, or if the power is on, perform a RESET 
operation. Type a carriage-return on the terminal. TIM should 


respond with: 
* 7052 30 18 FF O1 FF 
(Exact values may vary, although the first and last values should 
be as shown). If no response or a garbled response occurs, RESET 
and try again. In case of continued trouble, refer to the diag- 
nostic section of the MOS Hardware Manual. 
ota a & x f Ss 

The "* 7052 30.18 FF O1 FF" printout is TIM's stan- 
dard breakpoint message format. It consists of an asterisk "*" 
to identify the breakpoint printout, followed by the CPU register 
contents in this order: PC, P, A, X, Y, and S, i.e., Program 
Counter, Processor Status, Accumulator, X index, Y index and 
Stack Pointer. Note that all TIM inputs and outputs are in base 
16 which is referred to as hevadeeinel, ot just hex. In hexadeci- 
‘mal, the "digits" are 0, 1, ee A, RB, Cc, D, FE. F. After print- 
ing the CPU registers, TIM is ready to receive commands Erom you, 
the operator. TIM indicates this "ready" status by epine 4cne 


prompting character "." on a new line. 


( ) 2. TIM's response to RESET is to wait for a carriage- 
return and then print the user's registers. TIM uses this car- 
riage~return character to measure the terminal line speed. 


If you have a settable-rate terminal, change the 


- 13 -— 


rate (any speed between 10 and 30 cps will work) and repeat 


Step l. TIM should respond at tne new terminal speed. 


( ) 3. The user's CPU registers may also be displayed 
with the R command. Type an R. The monitor should respond © 
as above, but without the Peteeuers, ‘Presence of the asterisk 
indicates that an interrupt or break instruction caused the 
printout. | | 

-R 7052 30 18 FF Ol FF 
() 4. Displayed values may be modified using the Alter 
(:) command. To modify register contents, type a colon (:) 
followed by the new values. For example: 


-R 7052 30 18 FF OL FF 


-: 0100 00 00 00 OO FF 


=~ 


-R 0100 00 00 00 OO FF 
Notice that TIM automatically types spaces to Sepenate 
Gata fields. (Note: Characters typed by you, the user, are 
underlined in this document oe ete hed: Everything else is 
typed by the computer.) Examine your registers (R command) 
to verify the changes. 
Memory may be examined and modified, as above, using. 
the M and : commands. Try this: 
-M 0100 00 66 23 EE O1 A2 41 OF 
The memory command (M) causes TIM to type the contents of | 
the first eight bytes of memory. Menoey data will be random 
On startup). Alter and verify these bytes using the Alter 


command, as above: 
ae ns 


M 0100 00 66 23 REE O1 A2 41 #=GE 
0100 00 OL 02 03 04 05 06 OF 


i eee 


If only part of a line is to be altered, items to be left 
unchanged can be skipped over by typing blanks, and carriage- 
return (+). Try this: 


M 0100 00 O1 02 03 04 O05 06 O7 
-: 0100 FF FF FF 
M 


Creme mene Quam NN 


0100 FF O1 FF FF 04 05 06 O7 


Stereo 


() 5. fry to alter a location in TIM ROM: 


M 7000 85 F9 AQ 23 pO 58 AS 16 
7000 00? 


TIM verifies all changes to memory. Since locations 7000 
through 7007 are in read-only memory, alteration is not pos- 
Sible. TIM signals write failure with a question mark. 


Similarly, the monitor will notify you of an attempt to alter 


a-non-existant location: 


Note that attempts to read non-existant memory will normally 


yield the high-order byte of the address read. 


( ) 6. There are three hardware facilities which may be used 
to stop a running (or run-away) program without the program 
itself calling TIM . These are the hardware inputs RESET, 


a cae 


IRQ, and NMI. To test this feature enter the following © 


program at location 0000: 


locatior: contents instruction 
o000 © AC LOOP JMP LOOP 
OOOL 00 
0002 00 


(Use the M and : commands.) 

Now, set the program counter (PC) to this location using, 
the R and : commands. Finally, tell. TIM to start executing 
your program using the Go (G) command: 


-M 0000 FF 12 11 11 91 91 71 91 
: 0000 4c 00 oo } 
-—M 0000 .4c 00 OO 11 91 92 71 91 
-R 0000 30 00 00 OO FF 

} 


-: 0000 
-G 
The computer should now be executing the program. It will | 


continue to run until interrupted. Using the interrupt request 
4 
line (IRQ), interrupt the processor. It should respond with: 


* 0000 30 00 O00 OO FF 


Try the same experiment with non-maskable interrupt (NMI). The 


op tL ue 


result should be the same except for a "#" character preceeding, 


D 


which identifies the NMI printout. FPinally, try it with RESET. 


RESET, however, forces a CPU branch to TIM, losing the old 


PC and other register contents. Thus NMI is the preferred means 
for manvally interrupting program execution. IRQ may also bea 


ie, “RG, os 


2¢ 
AS 


E5 


£5 
Cg 


FO 


2c 
Eé 
4C 


co. 


4C 


used unless it is required for other functions such as periph- 


eral interrupts. 


() 7. Use Mand : to enter the following test program called 
CHSET because it prints the character-set on the terminal. 
Note that Alter (:) commands may be repeated without intervening 


M commands to set sequential.locations: 


SCHECKGUT PRCGRAM -— PRINT THE CKARACTER SET CN USER TERMINAL 
CRLE =S 728A sACCRESS CE TIM CRLF. ROUTINE 
WRT =$72C6 SADDRESS CF TIM WRITE RCUTINE 
| B= SVARIAGLE STCRAGE IN PAGE ZERG 
CKAR Bott] sSTORACE FOR CHARACTER 
#=$01C0 >PRCGRANM STARTS CA PAGE CAE. 
: 
BA 72 CHSET JSR CRLF SCC CARRIAGE RETURN §& LINE FEEC 
20 LDA ##20 SFIRST CHAR IS A SPACE 
CO STA CHAR sINITIALIZE 
00 LCCP LDA CHAR -CET CHARACTER 
&C CMP #360 CHECK FGR LIMIT 
ca BEQ CGNE -:DGNE IF 60 
CéE 72 JSR WRT SPRIAT CEAR 
CG INC CHAR sNEXT CHAR CCODE 
C7 Ol JNP LCOCP -CCNT INUE 
DONE BRK ;STOP € RETURN TQ TIM M¥GNITCR 
COC) : JMP CHSET 300 IT AGAIN 


ae ey ae 


Now run the program. Do this by setting the PC to 0100. 
and using the G command. The Listing should look like this: 


R 0000 30 00 00 OO FF 
-: 0100 } : ! 
G 


~—. 


PP 25%" C) kts —6/0123.456789 23 <=>? SABCDEFGHI JKLMNZPORSTUVUXYZEING te 
* 0136 33 60 00 OO FF 


The program may be continued, causing it to execute again, by 


typing G: 


-G 

PV 4ASZA" CC) *+5~-6/0123 4567892 3 <=>? 8ABCDEFGHI UKLMNEPORSTUVWXYZE\J te 
* 0116 33 60 00 OO FF | 
“G 

PV ASZ&® OC) *+5-2/0123 455676923 <=> 7 9ABCDEFGHISUKLMNGPORSTUVYXYZEN te 
* 0116 33 60 O00 OO FF 
G 

PA SAS’ €) ¥4+5—-26/0123 4567 8923 <=>? 3ABCDEFGHI SKLMNEPORSTUVWYXYZEINY r+ 
* 0116 33 60 OO OO FF 


The CHSET program uses two TIM monitor functions: CRLF 
is the TIM function which causes a carriage-return and line- 
feed to be typed on the terminal. WRT is the routine which 
prints the character whose code is in the A register at the 


time of the call. 
() 8. Save the CHSET program on paper tape (if your 


a Ox 


terminal has a punch) as follows: First, punch some leader 
tape with the terminal in local mode. Then return to line 


mode and enter: 


-WH 0100 0118 } 


me 


Turn the punch on after typing the second address,, but before 
typing carriage-return. Then type carriage-return to punch 
the tape. When punching stops, turn the terminal back to local 
and type: 

-00 
and some blank trailer. This is a. zero-length record which 
terminates your eae. See Appendix II for more information on 


tane ‘formats. 


( 3} 9. Try re-loading your program using the LH command: 

Li 
Now start the reader to load the program. The tape will be 
read and printed simultaneously. Stop the tape when the end is 
reached. (Before loading, you may wish to destroy the program 


in memory to verify that loading from tave actually works.) 


( )} 10. Use the M and : commands to load the following program: 


Ss 


SCKECKOUT PROGRAM -— PRINT BINARY OF TYPED CHARACTER 
gicc , | Z=( SVARIABLE STGRACE IN PAGE ZERO 
Go00 BINARY %=34] >STCRAGE FOR CHAR CURIAG CISSECTICN 
Gpol COUNT =341 SCOLNT OF BITS REMAINING TC PRINT 
O02 | = $0160 SPRCGRAM BEGINS CN. PAGE CNE 
ji 
CRLF =3728A 2TIM CRLE RCUTINE 
WRT =472C& -TIM WRITE RCUTIAE 
ROT — =S72EO riage Oat REAC RCUTINE © 
SPACE =47377 ;TIM SPACE RCUTINE 
C1CG 20 8A-72 PEIN JSR CRLE SPRINT CASSIAGE RETURN & LINE FEEC 
M02 20 €S 72 JSR RDT sGET A CHARACTER | 
icé) 685 CC STA BINARY sSAVE FOR CISSECTIGN 
ic8 26 77 72 JSR SPACE SPRINT 2 SPACE 
<s AS C8 LCA #8 INITIALIZE EY CQUNT 
mcG @§ G1 STA COUNT 
; AS 3¢ PBLCGP LEA #70 SASSUME ZERC: LGAC ASCII 0" 
lll Cé CO ASL BINARY SC=NEXT BIT 
6113 e@C 02 BCS PRINT SPRINT ZERO 
115 AS 2] LOA #°1 SLCAD ASCII 2» 
hi? 2C C6 72 PRINT JSR WRT SPRIAT BINARY CIGIT 
in C6701 CEC CCUNT SCOUNT @1T PRINTED 
Clic. 1¢ Fl BPL PALCCE sCOQ NEXT BIT 
| 4€ CO O01 JMP PEIN 300 IT ALL AGAIN 


OQ) = 


-M 0100 20 8D 72 AQ9 20 85 QO AS 
0100 20 8A 72 20 E9 72 85 00 
: 0108 20 77 73 AQ O8 85 O1 AY 
-: 0110 30 06 00 BO 02 AQ 31 20 
-: 0118 C6 72 C6 OL 10 Fl 4c 00 
0120 01 4} 


The purpose of this program is to print the binary rep- 
resentation of an ASCII input character on the terminal. 
Run the program by starting it at location 0100. Try typing 
some characters: | 


-R 0116 33 60 00 OO FF 
0100 } 


Sete 


U 101010101 

B 102121011 

dd. “tL 0011201 

There is obviously something wrong with ie program. Bits 

which should be printed as 1's are 0's and vice versa. (Refer 
to your 6560 reference card eae oe codes.) Looking at 
the program, the problem is that the branch after PBLOOP goes 
the wrong way! It should be BCC, Branch if Carry Clear lox 
alternatively, the 1 and 0 loads could be interchanged). Thus, 
when a one-bit is shifted out of the Se aoe a one should 
be printed. | 


Patch the program and try again ( the code for BCC is 90). 


=~ 21+ 


-M 0113 BO 02 AQ 31 20 C9 72 C6 
-: 0113 90 } 


Geer 


-R 7052 31 FC FF Ol FF 
0100 } 


UG 010101010 
B 010000100 
XY 001100010 
There is, alas, still an error--one too many bits is 
being printed. The cause of this is a little less obvious. 
(Do you see it?) To investigate the problem, set a-breakpoint 
at location OLLE. Do this by replacing the instruction there 


with a BRK (code of 00). Then run the program: 


-M  O11E 4C 00 O1 EF 4C 00 O1 00 


-: oO11E oo } 
-R 7052 31 FC FF O1 FF 
: 0100 } 


U 010101010 
: Oll1F BO O00 O00 AA FF 
Once the break has occurxed, you are free to investigate 
the state of the program using TIM. In particular, check the 
value in location COUNT: 


.M 0000 00 FF 1B 2E 31 EA FO FA 


Aha! Although COUNT starts out with a value of 8, 1t is going 
one step too far (FF is minus 1). This is because the test 
instruction, BPL PBLOOP is testing to see whether the count is 


st. ID: ds 


greater than or equal to zero. Replace it with BNE (code DO), 


replace your breakpoint with the original contents at that 


location, 


and try the 


-M O11C 10 


ot O11C pd 


-R OIF BO 


0100 Y 


U 01010101 
B 01000010 
1 00110001 
I 01001001 
Ww 01010111 
O 01001111 


R 01010010 


K 01001011 


S 01010011 


program again. 
Fi 00 00 OL EF 4¢C 
4c 3 


00 00 AA FF 


oOo x 


AS 3] 
20 Cé 72 
C& Q1 
OC Fl 


4C GO QO} 


sCRECKOUT PROGRAM —— 


> 


e 
3? 


BINARY 


CCUNT 


we 


PELCCP 


4 


we 


C 
+) 
4+). 


m= $0106 


=$728A 
=$72Cé 
=472£9 
=$7277 


JSR CRLF 
JSR ROT 
STA BINARY 
JS SPACE 


LCA 48 
STA CCUNT 
LEA #70 
ASL BINARY 
ECC PRINT 
LCA #'l 
JSR PRI 
DEC CCUNT 
BNE PRLCCP 


JP PEIN 


PRINT BIAARY CE TYFECQ CHARACTER 


sVARI“ELE STCRACE IN PACE ZERG 
;STCRAGE FCR CEAR CURING CISSECTICN 
SCOUNT CF BITS REMAINIAG TG PRINT 


sPRCGRA® BEGINS CN PAGE CNE 


opym CRLF RCUTINE 
-Trr WRITE RCUTINE: 
;TIM READ ROUTINE 
;TITT sSFACE FCUTINE 


sPRINT CARRIAGE RETURN € LINE FEEL 


3GET A CFARATTER 


>SAVE FOR CISSECTICN 
sPRIAT A SFACE 


sINITIALIZE EIT CCLNT 
sASSUME ZERO: LOAD ASCII "o" 
sC=NEXT SIT 

SPRINT ZERG 

sLCAD ASCII #1" 

SPRINT PINARY CIGIT 

sCOUNT BIT PRINTED 

3CG NEXT BIT 


$00 IT ALL AGAIN 


CORRECTED PBIN PROGRAM 


a OA 


( ) il. Save the corrected program using the WH command. 
Before punching the terminating record (as above in step 8), 
turn off the punch and set the PC to the start address of the 
program (0100). Then punch locations OCF6 and 0OF7 on the 
bape, Vaen the terminator (;00), and finally, some trailer: 


-R 7052 30 37 FF Ol FF 


es 


-: 0100 + 
-WH OOF6 OOF7 } 
; 0O200F6000101A2 


-300 


The resulting tape can be loaded and then started as follows: 
-LH 


(program loads in) 


eee 


-G 


J 


Locations OOF6 and OOF?7 contain the starting address for pro- 
Grams. You may assemble and load your starting address ante 
these locations to make tapes which aan be started with a min- 
imum of operator action. The carriage-return delay time may 


also be set in this manner. See Appendix II. 


( ) 12. It is also possible to punch ByPpF-format tapes using 
TIM. BNPF is the format used by some "OM programmers. The 
command is similar to that for writing hex tapes: 


-WB 0100 0127. 


I~ 


This command would punch the corrected PBIN program in BNPF 


a ee 


format. Try punching a BNPF tape. (Note that TIM will not 
load tapes in this format--use hex format (WH) for Saving 


programs for later loading into your 65XX.) 


() 13. If you have a high-speed paper tape reader attached 
to your 65XX system, you can use it to load programs in hex 
format. The H command switches the load device to and from 

the high speed reader. If you have.a high speed reader, try 


loading a tape as follows: 


Note that control will not return to the user terminal until a 


terminator record (;00) is read. 


= 6 a 


APPENDIX A 


MEMORY ADDRESS TEST 


@ac # vce CCBE CARC 


1 SMEMCRY ADDRESS TEST 
2 SCR EPCE LOC IM TEST BANCE 
2 CLEAR WHOLE RANGE 
4 : SET LOC YO {FF 
« ; VERIFY WHOLE. RAGE 0G EXCEPT (LOC) 
& : VERIFY (LOC) TO BE #FF : 
7 SPREAK TO MCALTGR CN ERRGR WITH Lac IN (C1) 
g SPRINT "SS" ON CCMPLETICN OF P4SS & REFEAT 
9g 3 : | 
ic acca *#=*Q0CO sPAGE © 
B! : | 
12 WRT =472C2 . 
12 oo0cc LCC HoA42 sTEST CELL ACCR 
14 cGCc2 Oh shy? sLOWER LIMIT CF TEST 
15 OCC4 r IG Maa? - SLPPER LIMIT CF TEST#H1 
1é CCCE& PTR a4? SPGIANTER TC CELL UNCER TEST 
17 : 
18 OCO8 $=46C1C | sSTART ALCOR 
1S ; 
ZO 0016 Ag OD MAC LDA #200 STYFE CR 
23 ¢€012 20 ¢2 72 | - JSR WRT | 
22 CG1E AS GA {DA 43GA s&h OLE 
23 Col? 20 C2 72 JSR WRT 
24 > 
26 C0OlA 2068 CO © JSR RSTLCC sSLOC=LOW- 
2 Cold 2071 00 JSR RSTFTR 3 PTR=LOW 
27 cCG62CG A2 09 LUX. #0 
Zé = 
29 *CLEAR MEMORY AREA UNDER TEST 
3C CC22 ag co MLL LEA #9 
21 CCZ24 £1 CE STA {(PTR,X) SSTCRE ZERC | 
22 0026 2 TA 00 JSR INCPTR sSINCREMENT & TEST 
33 002S DO FI BE YUL  SREXT LCC 
a4 : ~ 
as *PLY SFF- IA SELEXTEL CELL 
26 COZ8 AQ FF TEST LCA #A4FF | 
27 ec2c 8&1 00 STS (OCs) 
2¢ SVERIFY ALL CELLS ZERC EXCEPT {LCC} 
39 O02F #20 71 00 JSR RSTPTR sPTR=LCh 
4C : : | 
41 Cc32 fl 06 VLOGF LCA (FTR,X) SGET CELL 
42 C34 FO1T 2EC NEXTC $CK IF ZER 
43 OG326 fH QS LCY PTR s\CT ZERC--IS TRIS {LOC)? 
44 0638 €4 cc CFY LCC | 
45 CC2A FO Ql PEC CKl 
46 6002C CO BRK s\CT (LEC) 
4] 4 
4E CC2C As C7 OX} LOY PTR+1 


ZARL 


(NWO van tn inva Ulin tn mun & 


MON MH Nt vn Sb ts Ne Ow 


ad 


ie eS 


CARD 


oe 


NOSTAR 


. 


Cry 


ON Oe 


PEG CK2 


BRK 


iv P 
BEQ 
PRK 


LCA 
STA 


JSE 
BNE 
LCA 
BNE 
LCA 
JSR 
LEX 


JSR 


> INCREMENT 


INCPTR 


ee. 


INC 
ERE 


TAC 


LCA 
Oa 
BNE 


(LCOC,X) 


INCPYR 
VLOOP 


LCC 
NCSTAR 
rR 
wRT 

#C 


INCLOC 


TEST 


RSTLEC 


MAE 


TO tO 
LCW 
LCC 
LCW+) 
LEC l« 


ab. Sy 


{Ch 
PTR 
iC”) 
PTR] 


SNERT 


sNCT (LOO) 
7S (LEC HKES CATR C22 
-WREAG LATA 


sRESET {LOC) 


SNEXT CELL 


IF MCT AT LIVIT 


SPRIAT STAR EVERY PAGE 


sFIA X AFTER MON CALL 


SNEXT LCC 
PASS COMPLETE — 


PASS 


PTR €& CHECK FCR LIMIT 


PTR 
IAC1L 
FTR+4+} 
HIGH 


PTR 
IPRET 


> INCREMENT 


sCKECK 


sNCT AT CIMIT 


FCUNCA 


CARL. #2 LCC CCCE CARC 
C& ; 
cc. Cle Ao. OS i{CA HIGH+]1 
1cC GC8é 5 Of CYP PTRF} ;Z=1l IF AT LIMIT 
eee ; | 
1¢2 303A €E0 IPRET RIS 
103 ; 
1C4 sINCREMENT LCC & CEECK FER LIMIT 
105 OO08B E& OO INCLOC INC LGC ;INCR 
1cé CC8C BO O2 PNE.INC2 
LCT ; 
168 OO8F E€é @1 INC ULGC+#1L 
ics | ; 
lic) 6CC $1 E24 INCZ LOA HIGH 3 CHECK 
111 093 C5 OO - CMP LOC 
172 C€CS5) DO O4 | PAE ILRET 
L113 COS7 AS 05 LDA HIGH+1 | 
1174 cc9s 6&5 O21 CVE LOCH sZ=1 IF AT LIMIT 
Biss 3 | . 
(16 OOS5B €é& ILRET- RTS 
MO CF MCS/TECHENOGLOGY €501 ASSEMBLY VERSICQN 2 
ALEBER CF ERRORS = O, AUMBER CF WARNINGS = Oo 
SY¥ECL TABLE 
Sy¥eaaoL VALUE LINE CEFINED CROSS-REFERENCES 
HICK oc 04 15 G5 SS 11G 113 
ILRET COSB 11é 112 
INCLOC COER Ce ESS 
INCPTR COTA cc 22 EG 
YNC1 COEC 5 Sl 
IACZ CCS$1 11C 1cé 
IF RET coe, 102 97 ; 
LOC ccc¢ 13 37 44 49 58 63 TTY 7S 105 108 
114 | 
LCh COC2 14 TE 78 @2 gs 
MAL co1C 2G. 72 , 
MUI COZZ 2¢ 32 
NEXTC CO4CL EC 42 
NCSTAR EGSE.. ES E4 
CK] CG2CE LE 4E 
CK2 CO44 53 5C 
CK 2 CCAS ey 54 , | | 
PY R GOC& 16 3) 4) 43 48 84 Eé Sc G2 SE 
2§5TLUC CCEE 7é& 25 72 
RSTPTR CO71 €3 ZE ag 
TEST CG28 26 7C 
VLCCP C022 41 é) 
WRT 72C2 Lz 2] 22 é€ 


Lil 


LQG 


APPENDIX B 


TIM PROGRAM LISTINGS 


as, 
I 
faned 


TIM VERSICN 1.0 - MEM PAGE C. 


ARKO # LCC CCCE CARC 

2 | H | 

3 : VCS TECHNOLCGY 652xX TERMINAL INTERFACE MCAITCR (TIM) 

4 : VERSTGN 1.29 AUGUST 31, 1975 

5 ; CCPYRIGHT 1975 MCS TECKEACLCGY 

6 ; ALi FIGHTS RESERVED. UNALTHORIZEC USE 

7 : CF ALL OR PART STRICTLY PROFIBITEN. 

8 i i 

9 ; ; 

LO > PROMPTING CRARACTER IS A PERICE (.) 

Ll $0 wt tt et tren eee wee ee re ee eee 

12 4 

13 ; 

14 s; CISPLAY CCMMANDS 

15 CE ar a ee, mene 

1é ’ ' 

17 + 6 eR DISPLAY REGISTERS (PCyeFeAyXeVq_ SP) 

18 s; eM ADOR CYISPLAY MEMORY ( & BYTES BEGINNING AT AOOR ) 

1S : 

20 . 

21 + ALTER COMMAND (3) 

22 $0 tee eer eon woe eH 

23 * 6% DATA ALTERS PREVICUSLY CISPLAYEC ITEM CR NEXT ITEM 
2% ’ : 

25 es 

26 > PAPER TAPE I/C CCMM¥ANECS ; 
a? ; eee ree en + 

28 ; 

2S s LH LCAC FEX TAPE 

390 s .eWR ACDCRI ALDRZ WRITE BNPF TAPE (FROM LCW ADDRL YC HIGH ADDR2). 
31 > WH ALCRI. ALNRZ . WRETE FEX TAPE (FROM LOW ADDR1 TO HIGH ANDDR2) 
422 ; 

33 ; CCATRCL COMMAKCS 

34 $00 wee ee ee 

35 H 
326 ; eG G@, CONTINGE EXECLULTICN FRCM CURRENT PC ADCRESS 
aT H 

38 oH TCGGLES HIGH-SFEEC-REACER CPTION 

39 . (IF ITS ON, TERNS TT OFF 3 IF OFF, TURNS ON 
40 ; 
41 > BRK AAC NMI FATRY PCINTS TQ TIM 
4? $0 wee ee + 
43 H 
44 : TIM IS NOPMALLY ENTERED bhKEN A *8RK* ITNSTRUCTICN IS 
44 ; FACCUNTERER CURING PRCGRAM EXECUTION. AT THAT 
46 ; TIME CPL REGISTERS ARE CLTPLET: »* PC FAX Y SP 
47 ; AND CCNTRCL IS GIVEN TQ TEE KEYBOARD. 
48 . USER MAY EATER TIM BY PRCGRAMMED PRK OR I[INCUCEE NMI. NMI 
49 ; ENTRIES CALSE A *#* TC PRECEDE THE *+* [N THE CPU REGISTER 
5C : PRIATCUT FCRMAT 

51 ; 
52 s NON-BRK INTRQ (EXTERNAL DEVICE) INTERRUPT HAACLING 

a4 St eee eee 


TIM VERSTCR. Led = 


NEM FAGE C 
CARC # LOC CONE CARD 
54 ; 
55 : A NCA=-BRK [TATRQ INTERRUPT CAUSES AN INDIRECT JUMP TO THE ADDRESS 
56 : LOCATED AT "UINT! (HEX FFFB8). TKIS LCCATICN CAN PE SET 
57 : USING TEE ALTER CYR, CR LCADFED AUTCMATICALLY IN PAPER TAPE 
58 ; FCRM WITH THE LH CMC IF THE USFR ASSIGNS FIS INTRO INTERRUPT 
59 : VECTO& TC €FFFS3 [IN THE SCURCE ASSEM2LY FRCGRAM, 
éC ; IF ACT RESET €Y TRE JSER, UINT TS SET TO CAUSE EXTERNAL 
61 ; DEVICE INTERRUPTS TC EXTER TIM AS AMI#®&S. Tokcy 
62 ; IF A AMI CCCLRS WITHCUT AN IACUCED AMI SIGNAL, IT TS 
é3 : AN EXTERNAL CEVICE INTERRUPT. 
64 ; 
65 ; SETTING AND RESETTING PROGRAM PREAKPCINTS 
66 $00 tr ne 
67 : 
68 ; BREAKPOINTS ARE SET ANC RESET USTAG THE MEMORY DISPLAY 
é9 : AKD ALTER CCMMANOS. PRK HAS A "900" OPERATION CODE. 
70 : TC SET A RREAKPCIAT SIMPLY OLSPLAY THE MEMORY LCCATION 
71 ; (FIRST INSTRUCTION PYTE) AT wEICH THE BREAKPOINT IS 
72 : TC BE PLACED THEN ALTERS THE LCCATICA TC *90". THERE IS 
73 ; NC LIMIT TO TRE NUMBER OF BREAKPCIATS THAT CAN RE 
74 ; ACTIVE AT CNE TIME. 
75 ‘ TC RESET A BREAKPCIAT, RESTCRE TRE ALTEREL MEMORY LCCATION 
76 : TO ITS ORIGINAL VALUE. . 
17 ; WHEN AND IF A BREAKPCIAT IS ENCCUATERELC CURING EXFCTUIOCN, 
78 ; THE BREAKPOINT OATA PRECEDEC BY AN '3 TS ONISPLAYEC. 
79 ; THE PRCGRAM CCUNTER VALUF CISPLAYED IS THE BRK 
&C : INSTRLCTICN LCCATICN + L. 
81 ; 
&2 $00 eee er eee 
8 3 ; 
84 | 7 MO PK =¥CCCLOLIC = XaXeXePOR~DATA-AVAIL sGOT-CATAsSERIAL-CUTyIN 
ES DAVAIL =¢C8 
RG CRICAT =£C4 
87 ICPASE =#6FOO 
Eg MPA =IOBASEFO 
89 MRA - = ]JQORASE+1 
Sc | MPR = 1CRASE+2 
Sl MOB =[CBASF+23 
92 MCLKI1T =IOBASEt4 
$3 MCLKRD =ICRASE+4 
S4 MCLKIF =IOBASE+S 
95 UINT =t*FFFRE 
S6 NCMOS =7 
S7 MPC =#7C0C 
C8 MP] =¢€7100 
Sg. MP2 =$72CC 
LCO VP 2 =$€72CC 
1c ; 
10? ; ZERO PAGE MONITCR RESERVE AREA 
103 ; 
1C4 CROLY =227 sCELAY FCR CR IN BIT-TIMES 
1G5 wRAP =228 sANDRESS WRAP-ARCUNT FLAG 


TIM VERSICN Le - MEM PAGE © 


CARC #4 LCC CCCE CARL 
1C6 DIFF  =229 
107 | RSPTR =22] 
1C9 PREVC =233 
110 MAJORT =224 
111 MINORT =235 
112 ACMN =22€ 
113 TMPO =228 
114 TMP2 =240 
115 TMP4 =2Z42 
116 TMP6 == 244 
117 PCL =246 
118 PCE =247 
119 FLGS = =248 
12¢ ACC =Z49 
121 XR =25C 
122 YR =2?5] 
123 SP =Z62 
124 SAVX  =253 
125 TMPC = = 2.54 
12é TMPC2 =255 
127 RCNT  =TMPC 
128 LCAT  =TMPC2 
129 : 

130 ; 64 BYTE RAM MONITER RESERVE AREA 
121 : | 

L22 RAM64 =€FFCO 

133 0v00 He=RAMG6G 


MPO TIM PAGE 0 


CARC #4 LOC CODE CARD 
125 ; 
136 ; 
127 s TIM PAGE C (RELATIVE) 
128 FFCO *#=MPO 
12S : 
14C 7000 e&5 FS NMINT STA ACC 3 SAVE A 
141 7902 Ad 23 LCA at# ; SET A=4 TO INCICATE AMINT ENTRY 
142 7004 nec 55 PERF B3 3 JMP B2 
1423 | ; | | 
144 7096 AG 16 ~— RESET LEA 4MBRK ; INIT OIR REG, PCR TC L RELCCATES 
145 : 
146 7008 ef C2 e£ STA MOR 
147 or : 
148 7CCR Az ge LCX #8 + xX=0 | 
149 7000 Bb F7 72 Ri LCA INTVEC—1l,_X ; INITIALIZE INT VECTCRS 
15C 7C1C SM FT FF STA UINT—-1 4X 
151 7012 €#8 DEX 
152 7014 0 F7 PNE R1 
162 ; 
154 7616 86 EA STX MAJORT 3; INIT MAJCR T COUAT TC ZERO 
165 7Cl18 8&6 FF STX FSPTR s CLEAR FSPTR FLAGS 
156 TCLA 86 E® STX HSRCP | 
157 7OLC CA REX 3 X=FF 
158 7C1D 9A TXS 3 SP=FF 
159 : 
L6C ; ¢ COMPUTE BIT-TIME CCASTANTs X=FF 
1é1 ; 
162 TO1LE AQ GL LOY #l 3; SET TC MEASLRE 2 RITS 
163 7020 84 £3 STY CROLY sINIT CR CELAY TIME PARAMETER 
164 72022 AD G2 cF Rec LCA MPR 3; WAIT FCR START 
165 7025 4A LSR A 
1€6€ 7026 SC FA PCC RO 
167 : 
168 7028 8F 04 6E R2 STX MCLKLT 3 START CLOCK INITIALLY WITH FF 
1€éS 7C2R Al C5 6E R3 LOA MCLKIF 
170 702F «(1G 94 BPL R4 
171 7C3C £6 EA INC MAJCRT. ; CCUNT MAJOR 1 | 
172 7032 DG F4 RNE R2 + GC RESTART CLCCK WITH X = FF 
173 ; 
174 7034 S8 R4 TYA 
175 7C25 4f C2 6EF FOR MPB 
176 7238 29 O01 ANC #1 
177 7C3A C FF PEC R3 ; WAIT FOR Y PIT 9 ANC SERIAL~IN NOT EQU 
178 70232C @#®& CEY ' 
179. 702M 1c EC PPL R3 3 LOCP UNTIL START OF BIT 2 
18C ; 
181 703F AC 04 6E LOA MCLKRD | 
182 -7042 45S FF ECR #EFF 3; COMPLEMENT RESICLE 
183° 7944 4A R5 LSR A ; HALF T 
184 7045 46 EA LSR MAJCRT ; HALF MAJOR 
LE5 7047 9C 02 RCC RE 
186 7045 CS ac ORA #$8C ; PRCPA ‘ATE HC TC LC 


MPO TIM PAGE 0 


CARC # 
L€7 
128 
189 
1SC 
191 
LS2 


LS:3.~ 


194 
195 
196 
L197 
1S8 
199 
26C 
2¢1 
2C2 
ZC3 
204 
205 
2CE 
207 
2Cea 
2CS 
210 


LCC 

1C4B 
TC4C 
TO4E 


TSO 


TC51 


1052 
1054 
7955 
1C56 
1058 


TC5A 
705B 
TO5C 


TC5SE 


ICSF 
C61 
TC63 
1064 
7066 
T1C6&7 
71069 
7068 
TCEC 
TCGE 
CTC 
7. 


1073 
1C76 


c78e 
ICTA 
TCTO 
ICUF 


C8 
1083 


1086 
70288 
TOBA 
Cec 
TG8F 


“TCOL 


1TCS4 


1CS7 


C8 
FC 
85 


B4 


&8 


20 


CCDE 


F6 
ER 


F9 


Cec 


ws 


T2 


T2 


FF 


12 


T2 
12 


oe 


(Moe 
© 


INY 
REG 
STA 


Cul 
PRK 


STA 
PLA 
PRA 
ANC 
BEG 


ASL 
STA 
CLC 
SR 


S 1x: 


STY 
PLA 
STA 
PLA 
ATC 
STA 
PLA 
ACC 
STA 
TSX 
STxX 


JSR 
LOX 


LCA 
JER 
LCA 
BNE 


Lice 
JMp 


LCA 
SHA 
STA 
JER 
LCA 
JSR 
JSR 


LOX 


Rs 
MINGRT 


FLGS 


HOFF 
PCL 


¥¢FF 
PCH 


SP 


CRLF 
TMPC 


i 
wRTWO 
#™R 
SO 


ACC 
(CINT) 


#Q 
HSPTR 
WRAP 
CRLF 
Ht, 
WREET 
RDCC 


#NCK¥OS—1 


St woe OO we se 


we we oe wt we Ce we 


we 


ae 


FNABLE IATS 
ENTER TIM BY RRK 


SAVE ACC 

FLAGS TN A 

RESTCRE STACK STATUS 
TEST @RK FLAG 


USER INTERRUPT 

SET A=SPACE (10 X Z@ = 2C) 
SAVE INT TYPE FLAG 

CLEAR CECIMAL MCNDE 

# IS CCl, SPACE IS EVEN 


SET CY FCR PC BRK CCRRECTICN 


SAVE X 
Y 


FLAGS 


CY SET TO PC-1 FOR BRK zy 


SAVE CRIG SP 


SET FOR R OLSPLAY TC PERMIT 
IMMECTATE ALTER FOLLOWING BREAKPOINT. 


CCATRCL TC USER INTRO SERVICE RCUTIENE 


sNEXT CCMMANC FROM USER 


sCLEAR He So 


PAPER TAPE FLAG 


SCLEAR ADDRESS WRAP-ARCUND FLAG - 


e 
9 


’ 


TYPE FRCMPTIAG *.! 
REAC CMO, CHAR RETURNEC IN A 


LCCK-UP CMC 


NP TIM 


CARC #4 
2395 
24C 
241 
242 
243 
244 
245 
246 
247 
248 
2495 
259 
251 
252 
263 
254 
255 
25€ 
257 
258 
256 
2€C 
2€1 
2€2 

263 
2€4 
2€5 
266 
2€7 
2€2 
2ES 
27C€ 
271 
272 
273 
274 
275 
27€ 
277 
278 
279 . 

 2ac 
2R1 
282 
283 
284 
285 
2&6 
287 
288 
28S 
290 


ae) 


Ow 


LCC 
T0939 
LOSE 


TC9E 
TOAC 
TCA2 
TCA4 
CAG 
TCA8 
TCAB 
TIAC 
(CAF 
(CB 


1CRB4 


7Ce?7 
1088 


TOBA 
TORC 
TOBF 


710O1 
TCC2 
TCC4 
TCCE 
IC8 
TCCA 
7OCC 
7Cce 
ICCF 


7COC 
TOC 2 
TCDS 
TCHNE 
coe 


cCS 
7OCR 
COC 
TCOF 


mm 
(w ©) 


TOE5 
TCE? 


PACE OQ 


CCOE 


PC 


06 


00 
EE 


Tl 


71 


12 


i es 


CARL 
Sl 


FERROPR 


DCP 


oo Oe we 


G 


IYTE 


r 
9 


we 


JSR 
PEC 


LUx 
STA 


CMNS,xX 
$2 


S AVX 
PREVC — 
SAVX 
HNP1/25E 
ACMDFl 
ALRS,xX 
ACMD 

#2 : 
TUMP 
SPAC2 


(ACND)- 


$l 


cma ¢ 
hROC 
START 


TMP2 
TMPO 
DIFF 
TMP 241 
TMPOC4l 


CTFF 


TMPO 
PCL 
TMPC#Hl 
PCH 


#C 
TMPC,X 
TMPCH1L,X 


REAC ANC STCRE BYTE. 


REOR 
BY3 


HC 
( TMPO,X) 


@t we He 


ws 


LY oe 


eo ws 


wae 


8 


SAVE PREVIOUS CMD 


SAVE CURRENT CWE IACEX 


JMP 


INCIRECT TO CMR CQDE 


ALL CwC CCLE BEGINS CN MPL 


IF <, R CR 


VM (0+ Ls 


LOCP FOR ALL CMDS 


QOPERATCR ERR, 


JMP START 


TYPE #28, 


CR 2) 


SPACE 2 


RESTART 


(WRCC RETURAS CY=0) 


TMF2-TRPOQ DCUBLE SUBTRACT 


‘ 


RETLRA KIGH CRCER PART IN Y 
CR tC FCR ECL TEST 


MCVE TMPO TO PCKyPCL 


CLEAR REGS 


NO STCRE IF SPACE OR RCNT=C. 


° 
b 
e 
b ] 


e 
9 


CAR 
SFACE 


IN Ag 


STORE 3YTE 


CY=G IF SP 


MPO TIM PAGE C 


CAFC 4 
2S 
292 
253 
294 
295 
25E 
297 
29758 
25S 
3CG 
32C1 
SCZ 
303 


LCC 

TCES 
TOEB 
ICEL 
TCEF 
(CEF 


T9F 2 
TCF5 
TCF8 
TCFA 


7CFR 
7OFC 
TCFF 
71C1 
7103 
TICS 


ECG 
Tic? 
7108 
71CS 
TIGA 
7108 
icc 
T10C 
71CE 
T1CF 
711C 
W111 
7112 
7113 


CCCEF 
Cl FE 
FO 05 
68 
é& 
4C BA 


2G 7C 
eu oT 
Co FE 
EC 


AS F8 
85 FE 
ASG 0 
ES EF 
AS 05 
EC 


3A 
62 . 
4C 
47 
4E 
4C 
57 
ZA 
14 
1C 
5C 
6F 
74 
C2 


CAREC 


CMCS 


ADRS 


CNP 
REQ 
PLA 
PLA 
JMP 


JSR 
JSR 
CEC 
RTS 


LCA 
STA 
LCA 
STA 
LCA 
RTS 


{TMPO,X) 
BY2 


ERROPR 


DADC 
INCTMP 
RCNT 


#FLGS 
TMPC 
HO 
IMPC+] 
#5 


sEYTE *3°% 

ePRYTE *#R? 

ef YIt +My 

eFYTE *'G! 

oPYTE *#H! 

~FYTE *h?* 

ePYTE ALTER-MP1 
eFYTE ASFLYR-MPL 
~RYTE DSFLYN-MPL 
eFYTE GC-MP1 
ePYTE HSP-MPL 
ePYTE LH=-MP]L 
eFYTE WO-MP] 


we be 


ee 


e 
% 


TEST FCR VALIC WRITE (RAM) 


ERR, CLEAR JSR ACR. IN STACK 


INCR CKSUWM 
GC INCR TMPC ADR 


SET TC ACCESS REGS 


w MUST BE LAST CMC IN CFEAIN 


MP1 TIM PACE 1 


CARD # LOC CODE CARD 

224 ; 

326 : 
226 ; NOTE -= ALL C¥YD CCLE MLST PEGIN CN NPL 
227 : 
328 ; CISPLAY REG CMC — fyFeXe¥, ANE SP 
225 : 
330 7114 20 46 72 CSPLYR JSR WRPC ; WRITE PC 
321 7117 2C FR 7C JSR SETR 
2322 F7LllA CC C7 BAF WC ; USE DSPLYM 
223 ase ; i 

3234 TL1C 2C A4 73° NSPLYM JSR RECA : : ; REAC MEM ACR INTO TMPC 
235 T7LIF SC 16 BCC ERRS1 ; ERR ITF NG ACER 
236 7121 AS OB LCA #28 
2327 #7122 && FE MO STA TMPC, 
228 7125 ac o¢ LOY 4c 
339 7127 2C 77 73 MI JSR SPACE. ; TYPE @ BYTES CF MEM 
24C 712A Bl FE LCA (TMPO),Y ; (TMFI) PRESERVEC FOR POSS ALTER 
34) 712C 20 Rl 72 JSR WROR 
242 T12F C8 INY 3; INCR INCEX 
244% 7120 Cé FE NEC TMPC 
344 7132 CO F3 PNE ML. 
245 7134 4C €€ 7C RECSL UMP START 
246 a . 
247 7137 4C BA TC ERRSIL JMPF ERRCPR 
248 | : 
349 : ; ALTER LAST CISPLAYED ITEM (ACR IN TMPC) 
35C ; 
25] 713A Cé EG ALTER CEC PREVC ; R INCEX = 1 
252 713cC CO OC ENE A3 
353 ; 
254 T7132E 2C A4 72 JSR RCOA ; CY=C IF SP 
355 7141 SC 03 PCC A2 > SPACE 
2586 7142 2c oc 7 JSR PLTP ; ALTER PC 
257 7146 20 FR 7C A2 JSR SETR ; ALTER RIS 
358 7149 Dc C5 BRE BG ; JMP A4 (SETR RETURNS ACC = 5) 
359 714R 2C SA TZ A JSR wWROA ; ALTER M, TYFE ACR 
3€0 T14E AS C8 LCA #8 ; SET CNT=8 
261 ; 
2€2 715C &@& FE AG STA RCNT 
362 7152 2C€ 77 73 AS JSR SPACE ; PRESERVES Y 
3€4 7155 2C EC 7C JSR BYTE 
365 7158 CC F8 ENE AS 
3€6 T15A FC C8 Xe) PEG REGSL 
267 : | 
268 715C A6 FC GC Lx SP 
2€G TLS5SE SGA Txs ; CRIG CR ANEW SP VALUE TO SP 
27G T1ISF AS FT LUCA PCH 
371 7161 48 PEA 
272 7162 AS FE LCA PCL 
373 7164 48 PEA 
374 72165 AS FB LCA FLGS 
275 7167 46 PRA 


MPL TIM PAGE 1 


CAFC 4 LCC COCE CARO 
276 7168 AS FS . LCA ACC 
277 T16A AE FA LOX XR 
378 7L6C AG FR LEY YR 
27S VL6F 4C RTI 
2980 = 
281 T16F €6 £8 ESP INC #FSROP ; TOGGLE BIT C 
2ea2 FLi7l 4C 8€ 7C : JMP START 
2g 23 3 . 
3E4 T7174 20 ES 72 Lt JSR ROCC s REAC SECCNC CMO CHAR 
3e5 7177 2C &A 72 JSR CRLF | 
286 T1LTA AG EB LOX HSROP s FNABLE PTR CPTICN IF SET 
387 717C 86 ET STX KSPTR 
2@8 FLITE 2C FS 72 LHI -. JER ROCC 
389 7181 CS 3B CMP #3 3; FIND NEXT RCD MARK (3) 
36C 7182 fe FS BNE LEL- ’ 
ag] ; 
292 7185 A2 04 LOX #4— 
432.7187 2C NS 7C JSR ZIMP 3; CLEAR CKSUM REGS TMP4 
294 718A 2C B2 723 JSR RCOB 
395 718C CC Cé BAE Lk2 
29€ ; 
297 TLAF AZ CC LOX 4C 3; CLEAR HS RER FLAC 
358 VSL 86 ET STX KSPTR: 
26¢ 7192 FC SF BEC BECSIL 3; FINUSFEC 
400 ; 
4Cl T1S& &5 FE LH2 . STA RCAT 3 RCNT 
402 7197 2C 7C 72 JSR DADD ; RCC LAGH TC CKSUSM 
403 719A 2C B3 72 JSR Rooe ; SA HC TC TMPCHl 
4C4 7150 && EFF ‘ STA THPOFL 
405 T719F 2€ 7C 72 JSR DADND ; ACD TC CKSUM 
4C&é TLA2 2C B3 73 JSR RCCB > SA LG TC TMPC 
4C7. T1IAS 8&5 EE - STA TMPO | 
4C8 T7LAT 2C TC 72 JSR DADC ; ACC TC CKSLWM 
4CS ; 
41C TV1AA 2C EC 7C tH3 JSR BYTE s BYTE SUB/R CECRS RCNT ON EXIT 
411 71AC CO FB PNE LH3 
412 T1LAF 2C A4 73 JSR RECA 3; CKSUM FROM FEX RCC TC TMPC 
413 T71BZ AS& F2 LOA TMP4 s TMPF4 TC TMP2 FOR CCVMP 
414 71R4° 85 FC STA TMP2 
41S TIRE AS F2 LCA TMP441 
416 7188 &€& Fl CTA YMP24] 
417 T71PA 2C C1 7C JSR CCMP 
41&€ 7180 FC BF BEC LH1 
419 T7LPF 4C RA 70 ERFPL JMP ERROPR 
42C ; 
4Z1 71C2 2€ ES 72 WC JSR REOC ; RC 2NC CMC CHAR 
422 71C5 85 FE STA TMPC 
423 7107 ZC 77 72 JSR SPACE 
424 T71CA 2C AG 72 “JSR RDOA 
425 71CC 2C &7 73 JSR T2T2 3; SA TC TMP2. 
426 71MC 2C 77 72 | JSR SPACE 3; SPACE. BEFCRE NEXT ADCRESS 
427 7103 2C A4& 73 JSR REOA 


MP] TIM PAGE 1 


CARC # LCC CCLE CARE 
428 71N6 2C &7 73 JSR T2T2 3; SA TC TMFO, EA TC TMP2 
429 7109 ?2C FS 72 JS& ROOC >; DELAY FCR FINAL CR 
43C 71CC AS FE {CA TMPC 
431 | ; 

432 T71CE C9 48 CMP ATH 

423 T71EC DC 59 PANE WR 

434 ; 

4325 T1LE2 6 £4 WHO LOX WRAP 3;IF ADOR HAS WRAPPED ARCUND 
aA6 TES. CC S2 PANE B@CCST s;TKEN TERMINATE WRITE GPERATION 
427 ; : 

43& T1lEE 2C BA 72 JOR CRLF 

42S T1ES Az 18 LDX #24 

440 T1EP 86 FE STX RCNT 3 RCNT=24 

441 T71LED A? Q4 LOX #4 3 CLEAR CKSUM 

442 T71EF 2C 0S 7C¢ JSR ZIMP 

443 ; | 

444 71F2 AS 2B LCA #83 

445 T1F4 2C C6 72 JSR wWwROC >; wR RCO MARK 

446 . : 3 , 
447 T1F? 2C Cl 7C JSR DCMF | 3 EA-SA (TMFO4#2-TMPO) CIFF IN LOC DIFFytl 
448 T1FA 98 TYA ; MS BYTE CF DIFF | 
44S 71FB OC CA PNE Wel 

450 7T71FC AS £5 LCA CIFF 

451 T71FF CS 17 CMP #23 

452 72C1 8C C4 ECS bhl s CLIFF CT 24 

453 7202 @& FF STA RCNT ; ENCR LAST RCAT 

4£4 72C5 €E6& FE INC RCT 

455 72C7? A® FE WH 1 LCA RCAT 

456 7209 2C 7C 72 JSR DADC ; ADD TO CKSLUM 

457 72CC 2C Bl 72 JSR WRCB ; RCC CNT IN A 

458 72CF AS EF LOA TMPC+1 ; SA HC 

459 7211 2C 7C 72 JSR CACC 

4€C0 7214 2C Bl 72 JSR RRCR 

4€1 7217 A€& EE LCA TMPC 3; SA LC 

462 7219 2C TC 72 JSR CADC 

463 721C 2C Bl 72 JSR WRCR 

464 : 

4€5 721F AC CC wH2 LCY #0 

466 7221 Bl EE LCA {TMPG),Y 

467 ; 

4€8 7223 2C 7C 72 JSR CADC 3s INC CKSUM, PRESERVES A 
469 7226 2C R1 72 JSR WROB 

47C 7229 2C S7 73 JSR INCTMP ; INC SA 

471 722C Cé FE DEC RCNT 

472 7226 CC FF RNE WK2 > LOCP FCR LP IC 24 BYTES 
473 : 

474 7220 2C SE 72 JSR WRCAG ; WRITE CKSUM 

475 ; | ‘ 

47€ 7233 2C Cl 7C JSR COME 

477 7226 RBC AA BCS kHC 3; LCCP WEILE EA GT CR = SA 
478 7238 4C 86 7C BCCST JMP START 

47S : 


MPL TIM PACE 1 


CARC 4 LCC 
48C 
481 7238 
482 7230 
483 723F 
4a4 
485 7241 
486 17243 
487 7245 
428 7248 
GES 
4SC 7248 
491 T24E 
4SZ 725C 
493 7252 
494 7254 
4S5 1256 
496 7258 
467 | 
4SE 725A 
499 1725C 
ECC 725E 
5Cl 7260 
502 
6C2 7262 
504 7268 
ECS 17267 
SCE 1265 
507 726R 
5C8 
ECS 726E 
510 
Ell 7271 
E12 7272 
612 
£14 7275 
515 7278 
El€é 1272 
E17 
618 727C 
519 727C 
62C 7276 
521 7280 
522 17282 
523 7284 
524 17286 
525 7286 
526 7289 
527 
——3528 728A 
529 728C 
£30 7286 
531 7291 


CODE 


12 
12 


12 


oe 


@2e 


ae 


TRPC 
(TMPC~-S,X) 
TMPC2 

#9 R 

WBF 2 


#*p 
TMPC2 
WRF2 
#°N 


wRCC 
TMPC 
WEF 
H YF 
WROC 


INCTMF 


ACWC 
WBNPF 


CCMP 
wBl 
ECCST 


#C 
TMP441] 


#¢%0OC 
HEQA 
WRTWC 
CRDLY 


> SAVX TO = NCMCS FOR ASCIT SUB/R 
>;1F ADCR HAS wWRAPPEC ARCUAL 
sTHEN TERMINATE WRITE OPERATION 


OLTPLT HEX ADR 


ae 


LCCP CNT =9 


BYTE TC TMPC2 


v6 


de 


WRITE @ 


WRITE N CR P 


os 


LoOce 


we 


WRITE F 


we 


TEST FOR MULTIPLE OF FOUR 


we 


LCCP WHILE €A GY CR = SA 


we 


SAVE A’ 


RESTCRE A 


ws 


s;PIT-TIME CCUNT FOR CELAY 


MPL TIM PACE 1 


CARKC # LCC COLE CARC 

£32 72963 2C 1f 73 CR JSR DLY2 sDELAY CF ONE RIT-TIME 
 =§22 #7266 CA DEX | | | 

£34 7297 CC FA PAE CRI 

€25 7256S €EC RTS 

526 ; 

9 et Pd WRITE ACR FRCM TMPC STORES 

538 ; 

529 725A Az Cl WRCA LOX #1 

£40 729C CC OA PRE WROAL 

641 72966 Az Cs WROAG LEX #5 

542 72AC CC Cé BNE kROAL 

543 72A2 A2 OT WRCAG LCX 47 

E44 72A4 DC C2 BNE wRCAL 

£45 7246 A2 99 WRPC LOX 49 

£46 72A8 B65 EC WRCAL LCA TMPO-1,X 

E47 T2AA 4E PHA 

548 T2AR PS EE LCA TMPC,X 

E4G 72AD 2C Bl 72 JSR WRORB 

550 72eRC €8 PLA 

ee] ; 

E52 3; WRITE BYTE - A = BYTE 

5523 3; UNPACK BYTE CATA INTO TWO ASCII CHARS. A=BYTE$ XeA=CHARS 

E54 ; : 

£55 72B1 4€ wROB PEA 

556 T2B2 GA LSR A 

£67 7283 GA tsR A 

558 7284 4A LSR A 

559 72R5 GA LSR A 

E6C 7TZBE 2C &B 723 JSR ASCII s CCAVERT TG ASCII 

S5€1 7228S AA TAX 

E€2 72PA 68 PLA 

5€3  72BB 2S CF AKC #€0F 

564 72RPC 2C 58 73 JSR ASCTI 

565 : | 

E66 : WRITE 2 CKARS —- X,A = CHARS 

567 : 

S€@ 72CC GE WRTKO PEA 

56S 72C1 8A -TXA 

570 72C2 206 C6 72 SSR WR 

671 7205 68 FLA 

572 : 

573 3 WRITE SERIAL QUTPLT 

£74 s ~P = CEAR TC BE CUTPUT 

575 : 

S76 72C6 2C 10 73 WRT JSR CLY2 

577 7209 A2 CS LEX #9 - 

578 WROC =hRT 

57S 72CB 4S FF FCR 4$FF 3; COMPLEMENT A 

£80 72CC 32& | SEC - 

5al | ; 


a) 
CA 72 WRT JSR CUT’ 


Sst2 %2CE : 
1c 72 JSR DLY2 


ZC 
583 7201 Ze 


MPL TIM PAGE 1 


cCARC #4 LCC 

FEG 7204. 
685 7205 
eceé T72CE 
SE7 7208 
588 

SES 

ESC 72DA 
591 72Ce8 
662 72DE 
592 72EC 
594 12£2 
695 7264 
596 -7267 
5S7 12€8 
Sse 

599 

ECC 

601 72ES 
602 T2EFeR 
€C2 72EC 
664 7 
£05 /T2EE% 
6C7 72FC 
ECR 72F3 
éCS 72F4 
€10 

E11 72F6 
£12 72FS 
613 

614 72FC 
E15 T2FF 
€16 723C2 
€é17 723¢3 
618 

E1S 73C6é 
€2C 73C7 
621 7308 
€22 72C9 
622 72CA 
624 130C€ 
€25 72CE 
626 730F 
627 731C 
628 7212 
629 7314 
E2t 

621 T731¢é 
€22 7315S 
6322 7AlA- 
634 

€26 7310 


4h 
CA 
cc 
FC 


CCCE 


F6 
2F 


10 


DA 


6E 


EF 


GE 


2 


72 


(2c 73 


CARC 


CuTl 


ZW we we we 


ae 


we 


RDT4 


RCT5 


LSF 
DEX 
PNE 
BEG 


PEA 
LOA 
ANC 
RCC 
CRA 
STA 
PLA 

RTS 


OUTPUT 


A 


wRT 1 
ROTTS 


wt 


MPB ; 
AZYLLIL101 

OLTL 

HECOCCCCIC 

MPR 


@e 


RETURNS CHAR IN 


HSPTR : 
A 
RCKSR 
#8 
VPB 
A ; 
ROTL 
CLYL 
CUT ; 
CLY2 
MPB : 
A 
CuUYy ; 
; 
A 
; 
ROT4 
##20 > 


Pe) 
7 
onl 
N 
@o we 


“USE BNE? 


SAVE A 
OLTPUT BIT FRCM CY 


RESTCRE A 


TEST HS PTR CPTICN 


WAIT FOR START BIT 


ECHC START EIT 


CY = NEXT BIT 
ECEC 


SAVE PIT 
Y CCATAIAS CEKAR BEING FCRMEC 


RECALL BIT 
ADC IN NEXT BIT 


LOCP FOR 8 BITS 
CCMPLEMENT CATA 


H#ET7F ; CLEAR PARITY 

CLY2 

CUT sANC CELAY 2 FALF-EIT-TIMES 
CiYl 


yPL TIM 

CAREC # tcc 
636 732C 
637 7321 
628 7222 
6329 7323 
640.7324 
641 722€ 
642 
642 7328 
E44 
645 7328 
646 732€ 
647 7230 
648 7221 
649 7232 
£50 7335 
E51 723€ 
652 
€53 7338 
E54 7235 
€55 733 
656 7228 
€57 7233C 
Efe 
E65 7330 
660 734C 
GEL 72342 
662 | 
663 7344 
E64 7247 
65 734A 
666 734C_ 
€€7 724F 
6€8 7351 
EES 7354 
€7C 7355 
671 7357 
672 
673 7358 
674 7355 
€75 7258 
676 7235C 
€77 735F 
678 
€79 -73€1 
€8C 72363 
GEL 72364 
682 7366 
€&@3 7368 
684 736A 
685 736C 
6&6 736E 
687 726F 


EE 


EE 


€E 


—6«6E 


EE 


6E 


éE 


CARD 


DLY1L 


ae 


To oo 
Ta) 
[on ) 
pane 
— | 


B-15 


MAJCRT 
MINGRT 


VWCLKILT 


MCLKIF 
CL 3 


MCLKRD 


CL3 


vPB 
H#DAVATL 
REHKSR 


MPA 
VEB 
¥GOTDAT 
MPB 
#Z1LL111L011 
MPR 


A¢ 7F 


HE 

4#EFOC 
ASC] 
4406 


AE3A 


4 *R 
ASCX 

S AVX 
#KCROS 
ASC 


a 


we 


ae 


Se ws 


e 
% 


SAVE FLAGS AND A 


SAVE X 


RESET TIMER INT FLAG 


RESTCRE REGS 


LCCE CN CATA AVAIL 


READ CATA - 
SENC CCT-CATA PULSE \. 


TEST FOR LETTER B IN ADR DURING WBNPF 


NOT WB CMO 


FCR we, BLANK B'S IN ACR 


MP1 TIM PAGE 1 


TARE #4 LCC © CCCE CARC 


€6€@ 7F7a7tl 48 PRA 

689 72372 €&8 ASCX -PLA 

690 7373 +-6C RTS 

ES 1 ; ; 

692 7374 2C 77 723 SPAC2 JSR SPACE 

693 7377 48 SPACE -PEKA >; SAVE AyXsY 
€S$4 7378 €&A TxA 

€S$5 7275 48 PEA 

656 737A G8 rYA 

éS7 727R 4& PLA 

6€$8 727C AS 2C¢ LCA #? 4 
€SS 737F 2C C6 72 JSR WRT ; TYPE SP 
7cC «=673281~=« EB PLA $ RESTCRE AgXoY 
7oL 7282 Ah TAY 

7€2 7282 €8& PLA 

702 73284 AS TAX 

704 7385 68 PLA 

705 738€ 6C€ RIS 

706 : ; 

7C7 7387 A2 C2 T2T2 LOX #2 

7C@ 7278S BE ED T2721 LCA TMPC—-1,5X 

709 738eB 48 PEA 

71C 738C BS FF LOA TMP2-1,X 

7lL 7328E S& EN STA TMPC—1,X 

712 73290 68 PLA 

712 73¢L $5 EF STA TMP2-1,X 

714 732923 CA OE x 

715 7394 fe F3 PNE T2T21 

716 7256 €C RTS 

Tit : 

718 sTNCREMEAT (TMPC,TMPOFL) BY Ll 

716 7297 EE EE INCTMP IAC TMPO sLCW BYTE 
720 7396S FC al REQ INCTl 

721 #%73S5P 6C RTS 

722 ; 

722 #732S6C €€& EF INCT1L INC TMPCHL SHIGK BYTE 
124 73G9E Ce y REG SETWRP 

725 732AC €EC RTS 

726 ; 

727 73Al E6 £4 SETWRP IAC WRAP. sPCINTER KAS WRAPPED ARCUND - SET FLAG 
728 732A2 EC RIS 

729 : 

73¢ ; REAC FEX ACR, RETURN HO [N TMPC, LC IN TMPOF] AND CY=1 
721 ; [IF SP CY=6 

(32 ’ 

C77?) 7304 ZC B272° RCOA JSR REOB 2 Ree 2 eee Ee 
744 %T3AT7 GC C2 BCC RDOA2 3 SPACE 
735 ; 

1276) 73AG €& EF STA TMPGHL 

737 %T3AR 2C P3 72 RDCAQZ FSR PONB 
73& T3AE CSC C2 , PCC RCEXIT >; SP 
7329 728M #8 EE. | STA TMPQ 


MPL TIM PAGE 1 


CAFE # LCC COCE CARD 
74C 7382 €C RCEXIT RTS 
741 ; 
742 ; READ FEX RYTE AND RETURN IN Ay ANC CY¥=L 
143 ;: [F SF CY=0 
744 : Y REG IS PRESERVED 
745 ; 
746 7782 Ss RCCe TYA s SAVE Y 
747 T732R4& 48 PEA 
748 7385 AS CO LCA #C >; SET LATA = C 
749 7787 &£ EC STA ACMD | 
750 73R9 20 £9 72 JSP RCOC. 
761 %W3BC CS CC CMP #¢0C ; CR? 
752 T38E CC CE BNE RDCP1 
753 73CG 68 PLA sYES ~ GC TO START 
764 72C1l €€ FLA sCLEANIAG STACK UP FIRST 
755 7202 €8& PLA 
7&6 7303 4C 86 7C JMP START 
157 : 
758 72C€ CS 2¢ RECR1° CMP 4 ; SPACE 
76S 73C8 CC CA BNE RECR2 
7EC 73CA 2C ES 72 JSR ROCC- ; REAC NEXT CHAR 
761 73Cf CS 20 CMP Hf : 
7€2 73CF CC CF PRE ROCR3. 
7é2 723201 16 CLC | : C¥EC 
7€4 7302 SC 12 PCC RDORG ~ 
TES ; | 
766 73204 26 €PR 73 RNOB2 JSR HEXIT ; TC HEX 
767 7307 CA ASL A 
7E& 7308 CA ASL A 
769 7309 .CA ASL A 
77C 730A CA | ASL A 
771 72f8 && EC STA ACMD 
772 «#7300 62C «FO 72 JSR REOC : 3; 2NO CKAR ASSUMED HEX 
772 V73EC 2C ER 732 RECP3- JSR KEXIT | 
774 7262 C& FC CRA ACM? : 
775 73F5 38 SEC ; CY¥=1 
776 T7FE AA ROCB4 TAX 
777 #73E7 68 PLA 3; RESTCRE Y 
778 #%73Fe AE TAY 
779 T73ES @A TxA sSET Z & N FLAGS FCR RETURN 
780 %TEA 6C RTS” 
781 ; 
782 T732EF CE 2A FEXIT CMP #€3A 
782 73FEL Ca PEP ; SAVE FLACS 
7&4 72EF 2S CF AKC #$0F 
785 T73FC 28 PLP 
7&€ 73F1 Sc C2 PCC FEXO9 ; 9-9 
787 4 «673F2 66S «(CB ACC #€ s ALPHA ACC 8#CY=9 
788 73F5 6C FEXCI RTS 
78S ; 
790 72FE & =MP2+$F & 
761 : 


MPL TIM PACE 1 


CARC 4 
192 
193 
154 
195 
IS€ 


ENC CF 
NUMBER 


LCC 
738 
73F A 
732°C 
73FE 


MCS/TECFACLOCY 6501 ASSEMPLY VERSTON 3 


CCOE 
CC 7¢ 
cc 7C 
cé WC 
£2 1G 


CF ERRCRS = 


CARC 
INTVEC .«hCRC NMINT 
ehCRE NMINT 
e¥CRCO RESET 


ekhCRD INTRO 


NUMBER CF WARNINGS 


e 
9 


DEFAULT USER 


INTRG TC NMEINT 


SYMBOL 


ACC 
ACMC 
ACRS 


INTRQ 
INTVEC 


SYFMBCL TABLE 


VALLE 


COFS 
QOOEC 
TiCC 
113A 
EZEE 
7372 


LING CEFINEC 


1S4 
248 


564 
€E5 


483 
359 


410 


227 
253 


S1¢é 


385 


405 


4176 
45C€ 


oe ake 


419 


374 


387 
386 


5CS 


276 
486 


408 


€14 


356 


CROSS-REFERENCES 


511 


601 


749 


Tt. 


174 


SYMBOL 


ICBASE 
LCAT 


VALUE 


EECC 
COFF 


LINE DEFINED 


E7 o 
128 
384 321 
Zee 3aSC 
401 295% 
410 411 
11¢c 154 
94 LES 
$3 Le) 
$2 1€é€ 
89 
Sl 14E 
a4 144 
Lil 189 
Ee oo cae 
90 1é4 
$7 13€ 
ca Z4& 
$9 
1cC T19C 
a27 322 
339 344 
SE 226 
L4C Gz 
SSC 5&2 
cae 552 
118 215 
117 212 
109 2423 
272 35 
E22 L22 
127 295 
T4C 138 
65S eC? 
133 334 
737 134 
746 286 
158 152 
TEE Tes 
12 TE2 
TT€E TE4 
EC4 227€ 
6C1 604 
6C7 6CS 
614 E27 
625 623 
622 fe1 
144 7194 
LE4& L1é€ 
14S 12 
168 172 
16S 17? 
174 17C 
183 18& 


89 


418 


179 


CRCSS-REFERENCES 


90 


184 


388 


91 


64C 


595 


633 


440 


424 


4C6 


421 


92 


42S 


93 94 
615 655 664 6€€ 
226 321 322 

GEG 455 471 

727 

75C 76C 772 


668 


\ 


SYMBOL 


VALUE 


1C4P 
OOFC 
ICFe 
7T32Al 
CCFC 
7277 
1374 
7086 
10S7 
tCcs9 


LINE CEFINEC 


CROSS-REFERENCES 


4@] 


423 


€83 


42E 


478 


463 
5903 


450 


156 


343 


279 
4€1 
39 
710 
£22 


4ES 
507 


6S2 


422 43C 492 504 


28S 291 
463 546 


303 
548 


2ac 
4EE 


13 
£24 


54% 


305 
108 


INSTRUCTICN CCUNT 


ADC 
ANC 
ASL. 
BCC 
RCS 
REC 
RIT 
RMI 
BNE 3 
BRL 

PRK 

AVC 

RVS 

CLC 

CLC 

CLI 

CLV 

CMP l 
CPX 
CPY 
DEC 
DEX 
CEY 
ECR 
INC 
TNX 
INY 
JME 
JSR 
LCA 
LEX 
LOY 
LSR 
NCP 
CRA 
PEA 
PEP 
PLA 
PLP 
RCL 
RTI 
RTS 1 
SPC 
SFC 
SED 
SET 
STA 
STX 
STY 
TAX 
TAY 
TSX 
TXA 
TXS 
TYA 


| mead 


— 
ONON De DOOR HK ORK FOO KUNWAANK ANA HH 


~~ = NO oD WD 
FS prowl £& wn 0 


No 


pw 
Wino ST am DS BMH I OM WWN De OC LD w 


